A thin CCT has been identified as an independent risk factor for the development of glaucoma, and many studies have shown that people of African descent have thinner corneas than people of European descent. 7 A study by Sardiwalla et al. 9 which looked at the CCT of about 200 South Africans demonstrated that black South Africans had a lower mean CCT compared to Indian South Africans (512.4 µm vs. 526.5 µm). These findings were consistent with what has been reported before in multicentre studies such as the Ocular Hypertension Treatment Study (OHTS).
Introduction
Modern cataract surgery is increasingly considered to be a refractive surgery with an aim of achieving emmetropia. A study by Behndig et al. 1 showed that this was only achieved in 55.0% of cases. A common cause of residual refractive error after cataract surgery is pre-existing corneal astigmatism. 2 The prevalence of preoperative corneal astigmatism in cataract patients ranges from 22.2% to 43.9%, and this is mostly reported in European, Middle Eastern and Asian studies. 3, 4, 5, 6 Visually significant corneal astigmatism is thus a common problem among cataract surgery candidates, but very little is reported on the prevalence and pattern of corneal astigmatism in our African cataract patients.
Central corneal thickness (CCT) is an important clinical parameter that has been widely researched. It has many diagnostic and therapeutic applications in the monitoring of corneal disease, in refractive surgery and, most importantly, in the diagnosis and management of glaucoma. About 19.4% of the total global population afflicted by primary open-angle glaucoma (POAG) reside within sub-Saharan Africa, and POAG has been shown to occur earlier and progress faster in persons of African descent. 7, 8 http://www.avehjournal.org Open Access
The OHTS showed that the mean CCT in African American subjects was 555.7 µm ± 40 µm, which was significantly thinner compared to the mean CCT of 579.0 µm ± 37 µm in white subjects. 7 The South African study, although important, had a very small sample to analyse.
The aim of this study was to analyse the corneal astigmatism and CCT in a large population of black South Africans awaiting cataract surgery. 
Methodology

Ethical considerations
Ethical clearance was from the Human Research Ethics Committee, University of the Witwatersrand (reference number: R14/49; protocol number: M171047).
Results
Patient characteristics
A total of 2190 patient records were collected. Cross-analysis with the Medi-com records system revealed that 259 records had erroneous patient identifiers, and these were excluded from the study. A further 56 were excluded because of the age being less than 18 years, 66 because of non-black race, 90 because of an abnormally steep cornea and 6 because of an abnormally thick or thin cornea.
A total of 3231 eyes of 1713 patients were included in the study. Patient ages ranged from 18 to 99 years. The median age was 67 years (IQR 57-75) with 56.8% being older than 65 years of age. There was a higher representation of females (n = 1064) compared to males (n = 649).
Central corneal thickness
The distribution of CCT was skewed (p < 0.001). The median CCT in this black South African population was 494 µm (IQR 473 µm -516 µm) (see Figure 1 ). Males were found to have thicker corneas than females (496 µm [IQR 475 -519 µm] vs. 492 µm [IQR 471 µm -514 µm], p < 0.01). Even though this difference was statistically significant it is unlikely to be clinically significant.
A weakly negative but statistically significant relationship was found between CCT and age (r = -0.082; p < 0.01).
Corneal astigmatism
The distribution of corneal astigmatism was skewed (p < 0.001).
The median corneal astigmatism in this black South African population was found to be 0.92 D (IQR 0.55 -1.43 D). Forty-five percent of patients had 1 D or more of corneal astigmatism, and 12% had more than 2 D of corneal astigmatism. The median astigmatism in males was 0.93 D (IQR 0.55 -1.46 D), and in females, it was 0.92 D (IQR 0.56 -1.4 D). This difference was not statistically significant (p = 0.91).
There was no statistically significant correlation between corneal astigmatism and age (r = 0.02, p = 0.30) or corneal astigmatism and CCT (r = -0.03, p = 0.96). Overall, 40.2% of subjects had against-the-rule (ATR) astigmatism, 38.6% had with-the-rule (WTR) astigmatism and 21.1% had oblique astigmatism. Irregular astigmatism could not be measured and thus has not been included in this study. There was no statistically significant difference in the axis of corneal astigmatism between males and females (p = 0.48). Figure 2 illustrates the change in the axis of corneal astigmatism with age in a black South African population. We can see that WTR astigmatism is more common in the younger age groups, and ATR astigmatism is more common in the older age groups. A trend line of the two data sets suggests that the conversion from WTR to ATR astigmatism occurs at about 65 years of age.
The mean corneal steepness (mean K) in males was 43.03 ± 1.60 D, and in females, it was 43.71 ± 1.49 D. This difference was statistically significant (p < 0.001) but is unlikely to be clinically significant.
A weak negative relationship was found between corneal steepness and CCT (r = -0.11, p < 0.001), and a weak positive relationship was found between corneal steepness and age (r = 0.11, p < 0.001). The relationship between the magnitude of corneal astigmatism and corneal steepness was not statistically significant (r = -0.01, p = 0.60).
Discussion
Patients undergoing cataract surgery have increasingly higher post-operative refractive expectations, with emmetropia being the aim of most cataract surgeries. This is only achieved in up to 55% of cases, 1 largely because of residual post-operative corneal astigmatism.
This study found corneal astigmatism to be a common problem in a black South African population, with 45% of patients having visually significant astigmatism of 1 D or greater. This result is comparable to similar studies in other populations. 3, 4, 5, 6 Hoffmann et al. analysed 23239 biometry data sets in a high-volume eye surgery centre in Germany and found that 36.0% of patients had corneal astigmatism of 1.0 D or more. 3 Open Access our population should therefore anticipate this degree of astigmatism in most of our patients and plan for it accordingly.
Although there was no relationship between the magnitude of corneal astigmatism and age, the axis of corneal astigmatism had a significant correlation with age. Younger patients had predominantly WTR astigmatism and older patients had predominantly ATR astigmatism. Similar findings have been reported before, but the cause remains unclear. 11 Marin Amat suggested that the shift to ATR astigmatism with age may be because of a combination of a reduction in upper lid pressure because of dermatochalasis and a reduction in the action of the medial rectus muscle. 12 A weakly negative but statistically significant relationship was found between corneal steepness and CCT (r = -0.11; p < 0.001). A weakly positive but statistically significant relationship was found between corneal steepness and age (r = 0.11; p < 0.001). This is consistent with the findings of Hayashi et al. 11 Male participants were found to have steeper corneas than female participants (mean K 43.03 ± 1.60 D vs. 43.71 ± 1.49 D; p < 0.001) but this is unlikely to be clinically significant.
This large cross-sectional study found that black South African participants have a thin CCT (median 494 µm IQR 473 µm -516 µm). This result emphasises the importance of CCT as a clinical parameter in the diagnosis and management of glaucoma in black populations. Male participants were found to have thicker corneas than female participants (496 µm [IQR 475 µm -519 µm] vs. 492 µm [IQR 471 µm -514 µm]; p < 0.01) but this difference is unlikely to be clinically significant. A weakly negative but statistically significant relationship was found between CCT and age (r = -0.08; p < 0.01). This weak relationship is unlikely to be clinically significant.
Other studies on black South African populations have demonstrated a similarly thin CCT. 9, 13, 14 Studies on other African populations have found CCTs that are comparably thicker than South African corneas. 15, 16, 17, 18, 19, 20, 21 Incidentally, the CCT tends to be higher in Northern hemisphere countries and lower in Southern hemisphere countries (Figure 3 ).
To the best of our knowledge, the relationship between CCT and latitude has never been reported on before. This correlative relationship between CCT and latitude needs to be studied further in well-designed prospective studies.
Conclusion
Visually significant corneal astigmatism is a common problem in a black South African population. To ensure an optimal visual outcome, this astigmatism needs to be corrected at the time of cataract surgery. Black South Africans have a thin CCT, which is comparably thinner than other African populations. There may be a positive correlation between CCT and latitude in black populations around the globe, but further studies are required to assess this relationship. 
